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Biomedical signals are typically
nonlinear and nonstationary
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Opportunities for HHT

 HHT provides a powerful framework to
analyze complex biomedical signals by
enabling us to explore instantaneous

frequency and energy on multiple time
scales.




Three Clinical Examples

« Sleep apnea detection
» Se1zure forecasting

e Stroke risk assessment




Sleep Apnea

(intermittent cessation of breathing)

e Prevalence: 18 million Americans

* Challenge: clinically under-diagnosed
due to the prohibitive expense of
screening and follow-up studies




Sleep laboratory screening

e Sleep apnea 1s

associated with I |
increased morbidity | ; Sl EEP LA
and mortality. !
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* Need for simple,
casily implemented
screening and
detection techniques.




Prolonged sleep apnea frequently associated with
0.01 - 0.04 Hz oscillations 1n heart rate

RR Interval Oscillations During Sleep Apnea
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Hilbert transform-based technique can
be used to reliably detect sleep apnea
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Hilbert Transform and Apnea Detections
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Preliminary Results

e Tramning Database:
26 out of 30 subjects (86.6%)
13985 out of 17045 minutes (82.1%)

* Test Database:
28 out of 30 subjects (93.3%)
14591 out of 17268 minutes (84.5%)

Mietus JE, Peng CK, Ivanov PCh, Goldberger AL. Computers in Cardiology 27:753-756,
2000.




Epileptic Seizures
(uncontrolled firing of brain neurons)

e Prevalence: 2.5 million Americans
* Cost: $3.5 billion yearly
e Challenge: how to predict seizures




One channel of an electroencephalogram (EEG)
recording during a temporal lobe seizure
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Cardiopulmonary Instability with Seizure
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HHT Analysis
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Stroke

Prevalence: 3rd leading cause of U.S. death
Cost: $170 billion

In healthy young subjects, cerebral blood
flow 1s stable independent of posture or
other perturbations

Cerebral adaptability declines with age

Challenge: how to quantify risk factors in
elderly subjects?




Valsalva Maneuver Dynamics

—— Arterial Blood Pressure
—— HHT residual
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HHT Representation

Healthy Elderly Stroke Subject

Arterial Blood Pressure Arterial Blood Pressure
- CVR (Right) ——— CVR (Right)
— CVR (Left) = CVR (Left)
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Conclusions

« HHT has great potential to revolutionize
biomedical signal analysis.

* Clinical applications of HHT can have
immense 1mpact on public health.




Cautions of Technology Transfer

 HHT algorithm needs to be individually
adapted for each application; off-the-shelf
usage could give misleading results.

* Interdisciplinary expertise and high quality
databases are critical to the implementation
and evaluation of HHT applications
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Welcome to PhysioNet!

PhysiolNet offers free access wa the web to large collections of recorded
phyvsiologic signals and related open-source software. Physiolet 13 a public
service of the Research Resource for Complex Physiologic Signals, funded

by the Mational Center for Eesearch Eesources of the National Institutes of

Health,

oign i on Physiolet
Fitst-titme users, please sign in here.

PhysioBank
& atchive of recorded physiologic signals for use
by the biomedical research comemanity.

PlysioToolkat
& libraty of open-source software for physiologic
signal processing and analysis.

Publications

We seek publications that are accompanied by
cotitribations of original data or software that may
be of interest to other users of PhysioMet, as well
as papers that make use of existing PhysioBank
data or PhysioT oolkit software.

Tutorials
These explorations ate intended to provide

How to Cite Physioldet in Publications
If youuse data, softwate, or commentary from this
web site i a publication, please cite Physiol et

Copying Policy

Verbatith copying and redistribution of aty material
available from Phiysioll et iz permitted. Other terms
may apply if you wish to distribute modified copies.

Prrvacy Policy

We do not collect or distribute personally identifiable
wformation on our web site unless you choose to
give it to us.

Please Contribute!

We welcome contributions of data to PhysioBarnl
softwate to PhysioT oolkit, and relevant publications
(especially those hased on contributed data or
software) to the Phyrsiol et Publications pages.




